In a series of in vitro experiments, some factors influencing the utilization of non-protein nitrogen (NPN) by rumen microorganisms were studied. Media used in this study consisted of 10ml of strained rumen fluid, 30ml of the mineral solution, and various nitrogen and energy sources.
the rumen contents were strained through two layers of gauze. The rumen fluid obtained was stirred and CO2 was bubbled through it while 10ml aliquots were pipetted into each incubation vessel (100ml test tubes). Incubation media consisted of 10ml of the strained rumen fluid, 30ml of the mineral solution (Table 1) , and various nitrogen and energy sources. The tubes system to assure the necessary anaerobic conditions during each incubation period (6-10 hours).
After incubation, 2ml of the tube contents was removed from each tube for the analysis of ammonia-N and total-volatile fatty acids (total-VFAs) and then 20% trichloroacetic acid solution was added to each tube so that the final concentration came to be 5%. They were kept at room temperature for 15 hours and then the tube contents were centrifuged at 20,000 Table 2 . microbial protein doubled during 6 hours of incubation as shown in Fig. 1 .
The amount of microbial DNA increased more than 2 times during 6 hours of incubation.
The ammonia-N concentration had a maximum value at 1 hour after the incubation started and then gradually decreased with the time of incubation. biuret. The amount of protein-N and ammonia-N were considerably less in the tube with biuret. This inferiority of biuret as a nitrogen source may be attributed to the fact that the rate of ammonia production from biuret is too slow to promote the microbial protein synthesis.
As shown in Table 2 , the amount of microbial protein-N closely related to the amount of urea up to 30mg of urea-N (r=0.89) which is rapidly hydrolyzed to ammonia. In view of the amount of microbial protein synthesized during the incubation period, corn starch was more effective in promoting the utilization of NPN than glucose. This superiority of corn starch is attributed partly to the fact that it is less rapidly fermented than glucose, whereas glucose is fermented so rapidly that it is unavailable to the bacteria except for a short time.
Another explanation for the superiority of corn starch over glucose in promoting the utilization of NPN is the favorable effect on protozoa. ONODERA20) suggested that some species of rumen protozoa more easily ingested particulate matter than soluble matter. No significant difference was found for microbial protein synthesis between rice straw and cellulose powders as energy sources, although the amount of the microbial protein in the tube containing rice straw powder was slightly more than that in the tube containing cellulose powder. These materials were evidently inferior to starch and glucose as energy sources in promoting the utilization of NPN.
It is widely accepted that readily fermentable carbohydrates are required for the utilization of NPN and that cellulose and other carbohydrates present in roughage do not satisfactorily stimulate the utilization of NPN.
It is calculated from Fig. 4 that 20-25% of the urea-N added was incorporated into the microbial protein-N in 10 hours of incubation when rice straw or cellulose powders were the only carbohydrates source present. Therefore, the role of these carbohydrates should not be overlooked as energy sources in the utilization of NPN.
The data in Table 3 Table 1 . At the end of 6 hours of incubation, the amount of microbial protein in the tube containing amino acids alone was more (P<0.05)
than that of urea alone on an eqivalent nitrogen basis (15mg N). At 8 hours of incubation, 
